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Introduction
To aid the downstream migration of 5.3 million tule fall chinook juveniles scheduled for
release from the Spring Creek National Fish Hatchery on 8 March 2001, State, Tribal,
and Federal Salmon Managers requested in System Operational Request (SOR) 2001-02
spill of 55 thousand cubic feet per second (Kcfs) at Bonnevile Dam for an 11-day period,
March 9-19.  Additional water for spill was not available, therefore the spill would be
shaped within the existing total flow.  Based on the total low volume of flow from
Bonneville Dam and the managed 11.5 foot tailwater elevation, it was calculated that the
requested level of spill would produce a maximum total dissolved gas level of 120% in
the tailrace of Bonneville Dam and a maximum total dissolved gas level of 105% above
the chum and fall chinook salmon redds below Bonneville Dam at the Ives Island
complex (Figure 1). 

The Technical Management Team (TMT) met and discussed the SOR and recommended
the SOR be implemented except capping spill at 50 Kcfs and limiting the duration of the
spill to three 12-hour nighttime periods; 1800 hours - 0600 hours on the nights of March
10, March 11, and March 12.  These restrictions were cited as necessary to conserve
water during an evolving low runoff year.
 
The US Fish & Wildlife Service (USFWS) requested a total dissolved gas (TDG) waiver
from the Oregon Department of Environmental Quality and an adjusted dissolved gas
standard from the Washington Department of Ecology (WDOE) for spill at Bonneville
Dam for a ten day period in March, 2001. These requests were made to allow for TDG
saturation up to 115% as measured at the Camas/Washougal monitoring station (river
mile 122) and 120% in the Bonneville Dam tailrace, as measured at the Skamania and
Warrendale monitoring stations (at river mile (RM)141 on the Washington and Oregon
shores, respectively). The Oregon Environmental Quality Commission approved this
request at its November 30, 2001 meeting. The WDOE provided the adjusted TDG
standard previously on March 8, 1999. The adjusted TDG standard expires in the year
2003. One of the conditions of the approved waiver and adjusted TDG standard was that
the USFWS conduct biological and physical monitoring downstream of Bonneville Dam
during the spill period and to provide reports of this monitoring. 

The USFWS Columbia River Fisheries Program Office (CRFPO) monitored water
conditions and examined fish collected below Bonneville Dam for signs of Gas Bubble
Trauma (GBT) during the March 2001 spill period. This report summarizes the results of
this monitoring program. 
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Operations
Spring Creek National Fish Hatchery, located along the Columbia River at RM 167.2, 
released 5.3 million tule fall chinook salmon on March 8 at 0800 hours. Bonneville Dam
(RM 146) began spilling water over the spillway gates on March 10 at 1800 hours.  

The Salmon Managers requested that the Bonneville Dam Second Powerhouse (PH2)
have first use priority for power generation during the spill period. The Salmon Managers
believed that greater use of the second powerhouse would direct water with lower TDG
levels along the Washington side of the river where the salmon redds were located. 

The number of juvenile fish observed passing Bonneville Dam during and after the spill
periods is detailed in Table 1 and Figure 2.

Biological Monitoring
The biological monitoring program included collecting at least 100 fish (juvenile
salmonids and resident fish) each of two sampling days during the period of spill and
examining them for signs of GBT. Sampling was conducted on March 12 and March 13.
Personnel from the USFWS who examined fish for signs of GBT had been trained on
examination techniques by staff from the Fish Passage Center. Jerry McCann, the Fish
Passage Center staff member who trained USFWS staff, also examined fish with CRFPO
staff on March 12.

Fish were captured by Washington Department of Fish and Wildlife (WDFW) and
Oregon Department of Fish and Wildlife (ODFW) personnel using a 100-foot-long beach
seine in near shore areas of the Columbia River and Ives Island (RM 142.5,
approximately) side channel at sampling sites that they continuously monitor for
emerging and stranded fry. Figure 3 displays the locations of WDFW/ODFW beach
seining sites. Biologists used microscopes to examine captured fish for signs of GBT. A
minimum of 10x magnification was used for viewing fins and a minimum of 15x
magnification was used for viewing the lateral line. As in the March 2000 sampling
procedure, the same ranking system used to rank unpaired fins was also used to rank
percent of gas bubbles observed in the lateral line. 

A total of 214 fish were examined for signs of GBT (Table 2). Of this total, 104 fish were
examined on March 12 and 110 fish were examined on March 13.  A total of two chinook
and one pike minnow had signs of GBT.  This equates to a 1.4% level of incidence.  All
signs of GBT were a single bubble, placing them within the lowest ranking of
occurrence.  The one pike minnow had a single bubble in the dorsal fin and one bubble in
the anal fin.  One of the chinook had a bubble in the anal fin near a large tear.   

Monitoring of Physical Conditions
Biologists from the USFWS used a Hydrolab Minisonde meter to take real time TDG
measurements (Table 3) at various locations (Figure 3) from a boat on the Columbia
River during the spill period 1800 hours March 10 through 0600 hours March 11. Water
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depth data were collected from a depth sensor (gauge 1) deployed at the head of the
Ives/Pierce Island side channel.  Water depth data were collected and transmitted to the
CRFPO every other hour for display on the Fish Passage Center’s Internet website
(www.fpc.org). 

Results: 
Figure 4 displays percent TDG in the Bonneville Dam forebay.  Ambient TDG levels
ranged from 101.9-105.7 % from March 10-16.

Figure 5 shows total discharge and spill at Bonneville Dam during the spill period. Total
discharge varied from 108-157 Kcfs. Spill volume remained almost steady during each of
the three spill periods at about 47 Kcfs.  Tailwater elevations varied from 10.8-11.4 feet,
and averaged 11.1 feet from March 10-13.  The depth levels recorded by the USFWS
pressure gauge 1 near Ives Island during the spill period ranged from 0.43-1.13 feet. 
During the spill period the maximum depth over the chum redds varied from a few inches
over the redds on the margins of the wetted area, to1.5-2 feet over the redds in the deeper
area.

Figure 6 compares the TDG readings taken at the USGS sampling stations downstream of
Bonneville Dam.  None of the readings went above 114.3% from March 10-16.  At the
Skamania monitoring station recorded TDG levels varied from 102.3% during non-spill
periods, to a high of 110.4% during spill perods. Recorded TDG levels at the Warrendale
monitoring station varied from 102.1% during non-spill periods, to a high of 117.5%
during spill periods.  The TDG levels recorded at the Camas/Washougal monitoring
station varied from 101.3% from the non-spill periods, to a high of 112.7% from the spill
periods.  There was about an 18 hour travel time for the water mass passing the Skamania
and Warrendale monitoring sites to the Camas/Washougal monitoring site.

PH2 had first use priority over Powerhouse 1 (PH1) during the March 2001 spill. The
TDG levels recorded at Skamania were lower than the TDG levels recorded at
Warrendale.  These results were similar to those in 2000.  During the March 2000 spill,
when PH2 had greater use priority, TDG levels recorded at Skamania were lower than the
TDG levels recorded at Warrendale. The new fish bypass system at PH2 allowed for the
change of first use priority to PH 2 rather than PH1. In previous years PH1 had first use
priority. During the March 1999 spill when PH1 had greater use priority the TDG levels
recorded at Skamania were higher than the TDG levels recorded at Warrendale.

Summary
 In summary, the USFWS collected and examined fish for signs of gas bubble trauma,
and monitored water quality in the mainstem Columbia and over salmon redds during the
March 10 to 13 spill period at Bonneville Dam.  Biological sampling was conducted on
March 12 and 13.  Biological monitoring showed that three of the fish that were collected
and examined exhibited the lowest level indicator of gas bubble trauma. 
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Total dissolved gas levels recorded at the Skamania and Warrendale monitoring stations
near the Bonneville Dam tailrace did not exceed 120%. TDG levels recorded at the
Camas/Washougal monitoring station (RM 122) did not exceed 115%. 

The fall chinook and chum salmon spawning areas along the Ives Island complex are on
the Washington side of the Columbia River just upstream of the Skamania monitoring
site. First use priority of PH2 over PH1 appeared to help reduce TDG levels along the
Washington side of the Columbia River at the Skamania monitoring station when
compared to TDG levels recorded for the same time period at the Warrendale monitoring
station along the Oregon side of the Columbia River.



Figure 1.  Location of salmon redds through December 24, 2000 surveys.  chinook                 chum
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Figure 3. Location of WDFW/ODFW juvenile sampling sites (numbered) and USFWS TDG sampling sites (lettered) below Bonneville Dam, March 
2001.
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